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Introduction
Liquid transporting and drying rate of fabrics are two vital
factors affecting the physiological comfort of garments [1–
3]. The moisture transfer and quick dry behaviors of tex-
tiles depend mainly on the capillary capability and mois-
ture absorbency of their fibers. These characteristics are
especially important in sport garments next to the skin or
in hot climates. In these situations, textiles are able to
absorb large amounts of perspiration, draw moisture to the
outer surface and keep the body dry. Therefore, in order to
optimize these functionalities in sport clothing, it is neces-
sary to investigate the wicking behavior and quick drying
capability of functional knitted fabrics. 
Liquid transfer mechanisms include water diffusion and
capillary wicking, which are determined mainly by effective
capillary pore distribution, pathways and surface tension,
whereas the drying rate of a material is related to the mac-
romolecular structure of the fiber.
Wicking is the spontaneous flow of a liquid in a porous
substance, driven by capillary forces. Washburn [4] pro-
posed the well-known Lucas–Washburn kinetics equation
to describe the relationship between wicking length and
wicking time. Rita, Erik, Weiyuan, and Ramachandran et
al. [5–8] investigated the wetting and wicking behavior of
textiles. As capillary forces are caused by wetting, wicking
is a result of spontaneous wetting in a capillary system.
Wicking takes place only in wet fabrics or when fabrics
come into contact with water, and the contact angle deter-
mines their wicking behavior. A lower contact angle results
in higher wicking rates. Hartzell [9], Hsieh [10], Navaneetha
and Selvarajan [11], and Van Der Meeren et al. [12] investi-
gated methods to improve cotton fabric wettability. How-
ever, in materials based on natural fibers, wetting causes
the fabric to swell, changing the capillary space position
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and affecting the wicking ability [3]. For most synthetic
fabrics, wicking, however, will not take place due to their
high contact angles. A number of hydrophilic finishing
treatments can improve the capillary wicking of synthetic
fibers, such as polyester and acrylic [13–15]. Different
researchers have focused their attention on the geometric
distribution of capillary inter-space in synthetic fiber
assemblies, which affects the results of liquid quantity and
the wicking time of capillary action [16]. Zhang et al. [16]
simulated liquid flow in a fiber assembly by the combina-
tion of a kinetic analysis model of vertical capillary and a
mathematical simulation model for a fiber bundle. In
doing so, they analyzed and calculated various parameters
of fiber bundles like fiber number, wicking height, instant
wicking velocity as well as wicking time. The fiber bundles
cross-section is considered as an advantage for liquid trans-
porting. These investigations contribute towards develop-
ing the most optimized profile fiber. 
Structure modification was researched in terms of its
effect on liquid transporting in functionally knitted fabrics.
Research was carried out using different fiber combina-
tions of polypropylene or polyester fibers and other hydro-
philic fibers with various knitted structures [7,17]. 
In this paper we study the wicking behavior and the dry-
ing rate of plated knitted fabrics produced with polypropyl-
ene or polyester fibers on the knit face while functional,
synthetic or artificial fibers are used as the back of the knit-
ted structure. Two main evaluation methods of liquid trans-
fer behavior through textile materials were used, that is,
vertical wicking and horizontal wicking. Drying capability
testing was carried out under two different conditions:
20±2°C and 65% relative humidity and at the human body
temperature (33°C). These two parameters play an impor-
tant role in the performance of clothing for professional
sport players. 
Materials
Table 1 shows the specifications of the yarns used to pro-
duce the knitted fabrics for testing. The yarns used cover a
wide range of functional fibers, including polyester trilobal
flat (PES), polypropylene (PP), polyamide (PA), elastane
(EL), polyester Coolmax® (CL), PBT, Dry-release® (DR)
and viscose Outlast® (VO).
Dry-release® is a commercial brand of a moisture man-
agement and quick drying yarn presenting a combination of
polyester/cotton (85:15%). Outlast® is a commercial brand
of a 100% viscose thermoregulation fiber. Coolmax® is com-
mercial brand of a 100% polyester fiber with moisture man-
agement and quick drying properties. PBT is a polybutylene
terephthalate fiber with high elasticity. 
Two sets of plated knitted fabrics were designed and
produced. Set 1 presents polyester trilobal flat on the knit
face, and PA with EL, polyester Coolmax®, PBT, Dry-
release® and viscose Outlast®, designated as PES-EL, PES-
CM, PES-PBT, PES-DR, PES-VO, respectively, on the knit
back. Set 2 presents polypropylene on the knit face and the
same yarns on the knit back. The knitted structure used is
shown in Figure 1. The face yarn is polyester trilobal flat or
Table 1 Specifications of the yarns used.
Yarn type Yarn linear density (Tex) Filament linear density (dTex)
Knit face yarn PES trilobal flat 11 1.58
Polypropylene (PP) 8.7 2.17
Recovered yarn Polyamide (PA) 2.4 3.49
Knit back yarn (functional 
fiber)
Elastane (EL) 2.2 –
PES Coolmax® (CL) 8.7 1.84
Figure 1 Knitted structure used.
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polypropylene, respectively, and the ground yarns are,
alternately, PA combined with the fibers already men-
tioned. 
Table 2 presents the dimensional properties of the knit-
ted fabrics produced on a circular weft-knitting machine,
E28.
Test Methods
Vertical Wicking Testing
Vertical wicking tests were performed on the apparatus
shown in Figure 2. Five specimens of 200 mm × 25 mm cut
along the walewise and coursewise directions were pre-
pared. The specimen was suspended vertically with its bot-
tom end dipped in a reservoir of distilled water. In order to
ensure that the bottom ends of the specimens could be
immersed vertically at a depth of 30 mm into the water, the
bottom end of each specimen was clamped with a 1.2 g clip,
as shown in Figure 2. The wicking heights, measured every
minute for 10 min, were recorded for a direct evaluation of
the fabric’s wicking ability.
Horizontal Wicking Testing
Figure 3 shows the apparatus used to evaluate the horizon-
tal wicking rate, under 20±2°C and 65±2% relative humid-
ity. In the horizontal wicking apparatus, the specimen (size
200 mm × 200 mm) is placed horizontally, a tiny drop of
water is placed on the fabric and the water absorption
takes place by wicking and wetting through the pores. The
water is supplied continuously from a reservoir by siphon-
ing. The reservoir is kept on an electronic balance, which
enables the recording of the water mass absorbed by the
fabric. Because the mass absorbed by the sample is related
to the sample thickness, water absorption per unit of thick-
ness is used to evaluate the horizontal wicking ability.
Drying Rate Testing
Drying capability is evaluated by the drying rate of the fab-
ric. The specimen is cut as a 200 mm × 200 mm square,
put on the plate of the balance, and the drying weight is
recorded as wf (g). The water weight added to the fabric,
equal to 30% of the dry sample weight before testing, des-
Table 2 Dimensional properties of the knitted fabrics.
Fabric Loop length (cm/100 loops) Cover 
factor
Areal mass 
(g/m2)
Density Thickness 
(mm)
Knit face yarn PA Functional yarn Wales/cm Courses/cm
Set 1 PES-EL 15.14 15.81 15.78 21.91 129.47 16.0 19.6 0.99
PES-CL 15.73 15.56 15.75 21.08 130.90 14.2 18.4 1.15
PES-PBT 14.09 15.13 14.70 23.54 118.54 15.3 19.6 1
PES-DR 14.33 15.07 16.48 23.14 139.79 13.9 18.0 1.29
PES-VO 15.10 16.20 17.77 21.96 138.28 14.8 17.4 1.28
Set 2 PP-EL 15.24 15.31 15.23 19.35 126.25 14.8 23.3 1.21
PP-CL 15.19 15.30 15.97 19.42 121.62 14.1 19.2 1.21
PP-PBT 14.86 15.24 15.23 19.85 113.99 15.0 22.4 1.22
PP-DR 15.18 15.17 16.28 19.43 131.49 14.0 18.0 1.39
PP-VO 14.68 15.25 16.78 20.09 132.48 13.9 18.1 1.38
Figure 2 Vertical wicking apparatus.
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ignated wo (g). Record the change of water, wi (g) at regu-
lar intervals continuously for some time observation.
Calculate the “Water Evaporating Rate” (WER) by equa-
tion (1) to express the change of water weight remained in
the specimen over time, to draw the evaporating curve
from 100% to 0%.
(1)
In order to assess the quick dry capability of the fabric in
different conditions, two testing conditions were chosen,
that is, 20±2°C and 65±5% relative humidity, and temper-
ature of 33±2°C. For the first condition, the mass of water,
wi (g), was measured every 5 min continually for 60 min.
For the second condition, the mass of water wi (g) was
recorded continually, every 2 min, for 12 min.
Results And Discussion
Wicking Ability
Effect of Different Ground Yarns on the Vertical 
and Horizontal Wicking Performance
Figures 4 and 5 show, respectively, the vertical wicking
results obtained for fabric Sets 1 and 2. Horizontal wicking
curves of Sets 1 and 2 are shown in Figures 6 and 7.
From Figures 4 and 5, it can be seen that, in the first five
minutes, the wicking height of the fabric PES-VO is higher
than that of the others, and the wicking height of the fabric
EL is lower. Figures 4(a) and 5(a) show that, in the first
minute, the wicking height of the fabrics with Coolmax®
(CL) in the walewise direction, is similar to that of those
with PBT, and the wicking height of fabrics with Dry-release®
(DR) is similar to those of fabrics with EL, whereas,
Figure 3 Horizontal wicking appa-
ratus.
WER %( ) w0 wi–( )
w0 wf–( )
--------------------- 100%×=
Figure 4 Vertical wicking curves for Set 1 fabrics: (a) wale-wise direction, (b) course-wise direction.
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Figure 5(b) indicates that PP-Cl, PP-PBT, PP-DR and PP-
EL fabrics present similar wicking height in the coursewise
direction for the first minute.
Moreover, Figures 6 and 7 indicate that PES-VO and
PP-VO fabrics present the highest water absorption. The
horizontal wicking ability of the fabrics with different func-
tional yarns in the knit back are found to be: viscose Out-
last®, Coolmax®, PBT, Dry-release®, and EL.
The phenomenon can be attributed to the fabric’s con-
tact angle and the fiber’s cross-sectional shape. These fab-
rics have been finished by the same chemical hydrophilic
product. Viscose Outlast® and Coolmax® present irregular
cross-sectional shapes. These two yarns can form more cap-
illaries than the others. Moreover, viscose Outlast® is a
hydrophilic fiber which has a good water absorption prop-
erty. As soon as the fabric comes into contact with water,
wicking and water absorbency cannot be separated and are
simultaneous, especially when the fabric is contacting
water horizontally. Therefore, the fabric with viscose Out-
last® yarn is observed to have the best behavior for wick-
ing, in both the vertical or horizontal directions, followed
by Coolmax®. Figure 8 presents the cross-section of the
fibers used in this study. The cross-section of Dry-release®
and PBT is round, but Dry-release® is a blended yarn of
cotton and synthetic fibers so the wicking ability of the fab-
ric with the Dry-release® ground yarn is worse than PBT. 
Effect of Different Knit Face Yarns on Wicking 
Ability
Comparisons of vertical wicking height and horizontal
wicking rate with the same knit back yarn and different
knit face yarns at one minute and five minutes are shown in
Figures 9 and 10. Figure 9 shows that virtual wicking height
Figure 5 Vertical wicking curves for Set 2 fabrics: (a) wale-wise direction, (b) course-wise direction.
Figure 6 Horizontal wicking curves of Set 1 fabrics. Figure 7 Horizontal wicking curves of Set 2 fabrics. 
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of the fabric with PES trilobal flat yarn is better than that
of the fabric with PP yarn. However, the PES-VO and PP-
VO fabrics display very similar behavior. Figure 10 shows
water absorption per thickness of the fabric. The PES trilo-
bal flat yarn is better that of the fabric with PP yarn. This is
attributed to the cross-sectional shape and their fiber lin-
ear mass. Figure 11 indicates the triangular cross-section
shape of the PES trilobal flat fiber, and the nearly round
Figure 8 Fiber cross-sections: (a) viscose Outlast®, (b) Coolmax®, (c) Dry-release®, (d) PES trilobal flat, (e) polypropylene.
Figure 9 Vertical wicking ability of the fabrics with the same knit back yarn and different knit face yarns at 1 and 5 min: (a)
wale-wise direction, (b) course-wise direction.
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cross-section shape of the PP fiber. Moreover, Table 1
shows that the linear mass per filament of the PES trilobal
flat fiber is finer than that of the PP fiber. Therefore fab-
rics containing PES trilobal flat yarn combined with differ-
ent functional fibers on the knit back transfer the moisture
easily.
Drying Rate 
Effect of Different Ground Yarns on Quick Drying 
Capability
Figures 12 and 13 show the WER vs. time curves of Sets 1
and 2 fabrics, at 20±2°C, 65±2% relative humidity. The
WER vs. time curves of Sets 1 and 2 at 33±2°C in an oven
are shown in Figures 14 and 15.
It can be seen from Figures 12 to 15 that the sequence
of the WER of the fabrics with the same yarn and different
functional plated yarns is PES-VO < PES-EL < PES-DR
< PES-PBT < PES-CL and PP-VO < PP-EL < PP-DR <
PP-PBT < PP-CL; a smaller difference is seen among sam-
ples tested in the oven at 33°C. Wicking ability and mois-
ture regain play an important role in the drying capability
of the fabric. In the case of the low moisture regain of the
fabric, the fabric with better wicking ability possesses the
higher WER. Due to the number of hydroxyl groups avail-
able for bonding with water in viscose, its moisture regain
is much higher than any other knit back yarn. The fabrics
knitted with viscose Outlast® yarn in the knit back show
poor quick drying capability regardless of the face yarn
(PES trilobal flat or PP). The fabric with the Coolmax®
Figure 10 Horizontal wicking ability of the fabrics with
the same knit back yarn and different face yarns at 1 and
5 min.
Figure 11 Cross section of the two technical face yarns
used
Figure 12 WER curves for Set 1 fabrics at 20±2°C, 65±2%
relative humidity.
Figure 13 WER curves for Set 2 fabrics at 20±2°C, 65±2%
relative humidity.
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plated yarn shows better drying properties regardless of
the face yarn (PES trilobal flat or PP).
Effect of Different Face Yarns on Quick Dry 
Capability 
The comparisons of WER for two series of fabrics after 60
min, at 20±2°C and 65±2% relative humidity and after10
min at 33±2°C in the oven are listed in Tables 3 and 4,
respectively. 
Tables 3 and 4 indicate that the WER of the fabrics with
the PES trilobal flat face yarn is lower than that of the fab-
rics with the PP face yarn for both testing conditions. This
fact can be attributed to two aspects:
• PP fiber is a long-chain synthetic polymer composed
of at least 85% by weight propylene and at standard
condition the moisture regain of PP is very close to
0. Even at saturation, regain ranges from 0 to 1%. 
• The PP fabrics have lower fabric weights than those
using PES. When testing WER the weight of the PP
is lower that of PES fabrics; therefore fabrics with a
PP face demonstrate a higher drying rate than PES
fabrics.
Conclusions
The wicking behavior and drying capability of different
plated knitted functional fabrics, produced with functional
fibers and polypropylene or polyester, were analyzed. The
wicking behavior of fabrics is mainly determined by the
effective capillary pore distribution and pathways as well as
surface tension. The drying capability is related to the mac-
romolecular structure of the fiber. Viscose Outlast® dem-
onstrates the best wicking ability in both horizontal and
vertical wicking, but its drying capability is low. Coolmax®
shows a good wicking ability and the best drying capability.
PBT shows better wickability and drying capability than
EL. The comparison between the PP and PES combined
with other functional fibers has shown that the functional
knitted fabrics made with PP face yarn are worse in wicking
ability and better in drying capability than that of fabrics
using a face PES yarn. 
Abbreviations
CL = polyester Coolmax®; DR = Dry-release®; EL =
elastane; PA = polyamide; PES = polyester trilobal flat;
PP = polypropylene; VO = viscose Outlast®. 
Figure 14 WER curves for Set 1 fabrics at 33±2°C.
Figure 15 WER curves of Set 2 fabrics at 33±2°C.
Table 3 WER after 60 min, at 20±2°C and 65±2% relative 
humidity.
PES-EL PES-CL PES-PBT PES-DR PES-VO
96.43% 99.91% 99.52% 96.8% 88.03%
PP-EL PP-CL PP-PBT PP-DR PP-VO
98.59% 100% 100% 98.88% 91.27%
Table 4 WER after10 min at 33±2°C in oven.
PES-EL PES-CL PES-PBT PES-DR PES-VO
96.63% 99.14% 98.82% 97.69% 96.42%
PP-EL PP-CL PP-PBT PP-DR PP-VO
97.78% 99.24% 99.10% 97.83% 97.43%
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